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program parcorfilter (sin, tk_in, e_out);
const ml = 13;
n = 128;
type integer = signed bit 16;
input sin signed bit 12;
tkin : signed bit §;
output eout : signed bit 12;
var ft, gto : array [ml] of integer;
i,J  : integer;
s : array [n] of signed bit 12;
tk : array [ml] of signed bit 8;
e : array [n] of signed bit 12;
begin
{ data input }
for i := 0 to n-1 do

s[i] := s_in;
for i := 0 to ml-1 do
tk[i) := rkin;

{ Filter main program }
for i :== 0 to ml-1 do
begin

gtofi] := 0;
fifi] =0
end;
e[0] := s[0];
for j := 1 to n-1 do
begin
f{0) := s[j];

gtol0] = afi~1J
for i := 1 to ml-1 do
begin
Rfi] = £i-1] - rkfi-1] * giofi=1];
gtofi] := gtofi~1] — rkfi~1] * ffi-1]
end;
efj] == ftfmi-1]
{ data output }
for i := 0 to n-1 do

eout = ¢fi
end.
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B7an3)
Fig. 3 Algorithm description (PARCOR
lattice filter),
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Fig. 4 Frequency analysis (PARCOR lattice filter),
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0 l) )‘ o }‘c‘:ﬂ!ﬁ%ﬁiﬁ}‘m)’(&/!b‘l:fﬂi@%ﬂiﬁ:‘%@ﬁé 322100'():=T00]3XT00|5

33:T0017 := TOO11 — T0016

H¥THY, TOWIULEST-> P E LT OP2 %A 34 FE () = T0017 ARSI
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54784 LRHTICK D BB IC LB L Y R £ 30.:10024 ;= T0013 X T0023 A=
WoE ik 305, EBOERELIXEZDEM 205 3;’ : é‘;f’;il)f%i = o0 GOTO Block
47 24 LEFTORRICE - TS, HEGSITHL 0 tmrh1 SR OLFL
THL YR 2BFREARTH S, 1120, HARSHIK 40:GOTO BOOI3.

Lo TIRUI XA DAMICT 7 € R TB5EVSE B 5 &foidawmir

LU0 T, ZBELTRIEABALETSH 3. FFig. 5 Combinatory analysis of operation.
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B 6 AREhiffey b (PARCORMBTET 4 k)
Fig. 6 Synthesized instruction set (PARCOR lattice filter).
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B0001 :
1 :I:=0
B0002 :
2 : IF I > 127 GOTO B0004
80003 :
3 :8 (1) := S_IN
4 : I :=1I+2
$ : GOTO B0002
B0004 :
6 :1I:=0
B00OS :
7 : IF I > 12 GOTO B0007
B0006 :
8 : RK (I) := RK IN
9 : I :=I+1
10 : GOTO B00OS
B0007 :
11 : I := 0
B0008 :
12 : IF I > 12 GOTO B0010O
B00O9 :
13 : GTO (I) := 0
14 : FT (I) := 0
1S : I := I + 1
16 : GOTO B000OS
B0010 :
17 : T0004 := S (0)
18 : E (0) := TO0004
19 : J =1
BOOl1 :
20 : IF J > 127 GOTO B0O1l6
B0012 :
21 : TO006 := S (J)
22 : FT (0) := T0006
23 : I =1
24 : TO007 :=J -1
25 : T0008 := S (T0007)
26 : GTO (0) := TO008
B0013 :
27 : IF I > 12 GOTO B00O1S
B0014 :
28 : T0010 := I - 1
29 : T0011l := FT (T0010)
30 : TO013 := RK (T0010)
31 : TO01S := GTO (T0010)
32 : T0O016 := TOO013 * TOO1S
33 : TO017 := TOO11l - TOO1l6
34 : FT (I) := TOO17
35 : T0023 := FT (TO0010)
36 : T0024 := TO0013 * T0023
37 : T0025 := TO001S - T0024
38 : GTO (I) := T002S
39 : I :=I+1
40 : GOTO B0013
B001S :
41 : T0027 := FT (12)
42 : E (J) := T0027
43 : J = J + 1
44 : GOTO BO011
B0016 :
45 : I := 0
B0017 :
46 : IF I > 127 GOTO B0O19
B0018 :
47 : E_OUT := E (I)
48 : X = I + 1
49 : GOTO B001?7
B0019 :

i}

o se e

. s 08 0o 00 00 4o o s 8o o0 e ss se oo

e o0 s 0

0 00 00 60 40 00 00 e 08

o o o0

Fig
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MOVE WR6 0
> WR6 127 B0004

IN S WR6 IPORT
OP2 B0002 WR6 WR6

MOVE WR6 0
> WR6 12 B0007

IN RK WR6 IPORT
OP2 B000S WR6 WR6

MOVE WR6 0
> WR6 12 B0010

STORE GTO WR6 0
STORE FT WR6 0
OP2 B0008 WR6 WR6E

LOAD WRO S O
STORE E 0 WRO
MOVE WRS 1

> WRS 127 B0016

LOAD WRO S WRS
STORE FT 0 WRO
MOVE WR6 1
DEC WRO WRS
LOAD WRO S WRO
STORE GTO 0 WRO

> WR6 12 BOOlS

DEC WR0O WR6

LOAD WR1l FT WRO
LOAD WR2 RK WRO
LOAD WR3 GTO WRO

OPl1 WRZ WR3 WR1 WR1l

STORE FT WR6 WR1
LOAD WRO FT WRO

OP1 WR2 WRO WRO WR3

STORE GTO WR6 WRO
OP2 B0013 WR6G WRE

LOAD WRO FT 12
STORE E WRS WRO
OP2 B0011 WRS WRS
MOVE WR6 0

> WR6 127 B0019

OUT OPORT E WR6
OP2 B0017 WRE WR6

BT o— FHER

.7 Code generation.
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0001110100000000000000
0010000101110111111110
0101000011010001100111
1000000010120110000000
0001110100000000000000
0010001001110100011000
0101010011010001100111
1000000120110110000000
0001110100000000000600

0010001110110100011000

: 0100000001101001101000

0100000000000001101000
1000001010110110000000

0011000011010100000000

: 0100010100111100000000

40 80 60 80 80 60 04 00 o8 08 a0 00 o0

e e oo 00

s oo a0

0001101100100000000000
0010100110101111111110

0011000011010001010000
0100000000000100000000
0001110100100000000000
00006000101000000000000
0011000011010000000000
0100000001101100000000

0010100010120100011000

0000000110000000000000
0011000000000000000010
0011010011010000000100
0011000001101000000110
0111010011001001000000

0100000000000001100001
0011000000000000000000
0111010000000012000000
0100000001101001100000
1000011000110210000000

0011000000000111000000
0100010100121001010000
1000010001101101000000
0001110100000000000000
0010101000110111111110

0110010100111001101110
1000100111110110000000
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Fig. 10 The number of ROM in each algorithm.,
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Fig. 11 The number of instruction in each algorithm.

¥ 1 TMS320C25 >0k
Table 1 Comparison with TMS 320 C 25.

kvx5a | TMS320C25
4 K 24 8 133 {8
32Bit 16 Bit
TR mmis | EENA
R o B A 4 | BN, BERS | Bl MEGS
=7 —_
7 W§i¥’ 4096W SUW
T &R 128W 4096W
VYR A 32w 8W
- Pascal Tev7 ) S
Y7 b (CE®)
a— FEER
=7 | PARCOR | 10 25757 | 111 257
(B19)

NB0T, a7 7 LsLTHEICKESTENNS LA

bhs. C25 OBA, Txv7YVEEEEATIL,
WX ZDORF » 7OERBBMRETEZLEDD, C
AV 5Tk BY 7 by THRRLTLLH4AT
BNEELI NS,

—fgic, ESRE oty 4DV 7 by x THRER
BRIEOT 7 IV EEEROTUTORIENEST, %
BMBEN. K27 LTR, #itstic LSI oF)
AL TOEREEICLSY 7 v = THREZHIR
EULTEY, vty PESI V1 SBYHEOI
a—-FEERTEZ LI ICRHENE. TDLIIT,
V7 bz THRRBERIAYXFL0IE)BENTH
3.

6. 749 IY—b - 7ZINTY XL ADOHEA

EENEERER ZBEERO>TAVT ) XL0f &
LT24 927 —bORERRT. KYR7LTR, FH
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CLTVTYZLATH->TH, 2ORBRDIEHIC
Ko THEAERDBRNI D, AREH T bEE
UAZTEBBF SN, 12220, AV AF L
TROBFERAERRICE D 2TET KR E
OEEEP, SRBIZEOTHERERICE 5
EIIBEORENISENSIOT, HMIZT N
I) XLERICKBERRINTES. 12720,
BRIESICA €V REHOHTLHOT, YA
BRELIELTBIc0iciE, BHEZLELTAT
KBPEENLD. TOXIRAVRAFLERE
OREERHS. cTREFEOBALHEY
BELSHABELRTCLRITEROD, 2497
V—=1rDT7NTY XLICDNTHR 12 [Z/RT &
L SEBMORIL S REHE, QS1, QS2, QS3 %
BZIERERT. FEARHEREAIR2 AT LS
DTH 5. QS1, QS2 13, HBMHF (Fus 74
DOEH z) OBRNEEZIZEDT, 7Y XLhg

program Quick Sortl (iport,oport);
const N = 100;
M = 100;
type integer = unsigned bit 16;
real = unsigned bit 32;
input iport : real;
output oport : real;
var i, j, k, 1 : integer;
e : array [N] of real; { 64Kw * 32bit }
stackh, stackl : array (M] of integer; { {Kw * 16bit }
X, W : real;
p : unsigned bit 12;

begin
{ input-data from port(aporl) to RAM(e) }
for i := 0 to N-1 d
efi] := iport;

{ body of quick sort }
p := 0; stack h[0] := 0; stack][0] := N~1;

repeat
k := stack h[p); I := stackl[p); p := p-1;
repcat
=k ji=1 x:= e[i];
repeat

while efi] < x do i := i+];
while x < efj] do j := j~1;
if i <=j then begin
w = efil; ef] = e efi] :=
= il = -1

end

until i > j;

if i < 1 then begin
p = p+1; stackhfp] := i; stack[p] := 1

end;

:=§

until k >=1
until p = ~1;

{ output data from RAM(:) 1o portfoport) }
for i := 0 to N-1 do
oport := eli]
end.

(a)
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FRIEZ26DTHS. QS313, QS1 EALTATY
RLeHBABELELZ TR LI bDTHE. T
Y XLDETICHLERL VX 28, RAMBIZ 12EA
CRLEENBSLN TS, ROM ¥, 488 ics
Tk, 70/ 5 60FXHORNRIHE HAREHEIC
BELLTVLA QS20i35QS1, QS3kh b 7o
75 LMELBY, TATYXLAORNZS RS S A
RICOIBOEETIEARLTNS. £2 TR, #
HREROBB I EERT-DICLYXFE ROM 0
B LER/NI R R U DS, EBEEIR 2 DR EFMIZ
ADS5hBEEBRONLELL-2D, 1Ey FHOD
BNERIEALDE. BMRT o IR, EBRICF—
EEREIT, YIab—Ya Y Bff-tBADERFX
NBRAF v 7OMBAERLTOEH, QS1XLD QS2

program Quick Sort2 (iport,oport);
const N = 100;
M = 100;
type integer = unsigned bit 16;
real = unsigned bit 32;
input iport : real;
‘output oport : real;
var e : array [N] of real; { 6/Kw * 32bit }
Is, rs : array [M] of integer; { {Kw * I16bit }
i, J, L r, p, x : integer;
t : real;

begin
{ input data from portfiport) to RAM(e) }
fori:=1to N do
¢fi] := iport;

{ body of quick sort }
p = 1; Is[1] := 1; ms1] := N;
repeat
1:=Is[p}; r := 1slp]; p := p-1;
repeat
x = e[(l4+1) div 2J;
i:=1-1; j := 141;
repcat
repeat i := i+l until x <= ci);
repeat j := j—1 until efj] <= x;
t = efil; efi] = e[i]; efj] == ¢;
until i >= j;
efi] := efi; efi] := t;
ifi —1>r ~j then begin
if 1 < i then begin
P = p+1; Is[p] := ); rs[p] := i-1
end;
1:= j+1
end else begin
if j < r then begin
p = p+1; Is[p) = j+1; rsp] := ¢
cnd;
r:=1i-1
end
until | >= r;
until p = 0;

{ output data from RAM(e) to port(oport) }
fori:= 1 to N do
oport := cfi]
end.

(b)

®2 74977 OREIHEREBRIC X 5 R
DI
‘Table 2 Comparison of synthesized results given
by three different algorithm descriptions
that execute quick sort.

QS1 | Qs2 QS3
VIREE ™ 8w ™
RAM¥ 512W 512W 512W
ROMK | sw 64w 56W
9 ¥ 15/ 18 1§ 15
AT 2T z7f7737" xgstlj’ xi‘—z‘t?f

DEIMRF » FEBB DR, BREFOBTEHOD
ThATY)ZXLEGZLF— 2 IZKELI-BOTH 3.
L7 ) XLt LT QS3 DS BRF v K

program Quick Sort3 (iport,oport);
const N = 100;
M = 100;
type integer = unsigned bit 16;
real = unsigned bit 32;
input iport : real;
output oport : real;
var e : array [N] of real; { 6JKw * 32bit }
stack_h, stackl : array [M] of integer; { JKw * 16bit }
i, j, k, 1 : integer;
x, w : real;
p : unsigned bit 12;

begin
{ input data from port(iport) to RAM(e) }
for i := 0 to N-1 do
e[i] := iport;

{ body of quick sort }
p = 0; stackh[0] := 0; stackl[0) := N-1;
while p <> —~1 do begin
k := stack_h[p]; 1 := stackl[p]; p := p=-1;
while k < 1 do begin
i=k;ji=1; x = efi);
while i <= j do begin
while efi] < x do i := i+];
while x < efj} do j := j—1;
if i <= j then begin
w = ofil; ef] = el efil = w;
1= i+l; j := j=-1;
end;
end;
if i < 1 then begin
p = p+l; stack hlp] := i; stack][p] := I;
end;
1:=3j
end;
end;

{ output data from RAM(e) to pori(oport) }
for i :== 0 to N-1 do
oport := efi];
end.
(c)
12 749 27—bDT7ATY) XLADQREBZER
Fig. 12 Different descriptions of quick sort
algorithm.
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